Observations were grouped into five age groups < 1 y, 1 to 4 y, 4 to 7 y, 7 to 10 y and > 145 10 y; two sexes and 77 individual breeds, including mixed breeds and unknown or unspecified 146 breeds were kept without grouping as a categorical variable. 147 Identical census attribute information for Kansas and Nebraska were gathered at three 159 geographic levels or census units at which census data were aggregated by the US Census 160
Bureau: block groups (containing between 600 and 3,000 people within a county), census tracts 161 8 (containing between 1,500 and 8,000 people intended to represent neighborhoods), and counties. 162 GIS data files for block groups, tracts and counties were obtained from the ESRI Street 163
Map data based on US Census Bureau 2000 census information. From the Summary 3) tables, 33 housing and 37 population related variables (Table 1) were extracted for each 165 census unit by spatial query and joined to the census shapefiles using the common Federal 166
Information Processing Standards (FIPS) codes. Each census category included several 167 independent variables and they were evaluated separately in the study. The geocoded addresses 168 of cases/controls were overlaid in ArcMap with block group, census tract, and county shapefiles 169 in three separate operations, and the number of cases/controls that were within census units were 170 recorded separately using a spatial join procedure in ArcMap. 171 Polygon areas representing ten different public places around cities, including golf 181 courses, hospitals, industrial parks, primary/secondary schools, shopping centers, sports 182 stadiums, and local, county, and state parks/forests, and universities/colleges within 5000 m from 183 dogs' homes in the study region were obtained from the US Census 2000 TIGER/Line dataset.
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Buffered areas extending 2500 m from the boundaries of public places were created and 185 cases/controls located completely outside (coded '0') and within (coded '1') the buffers were 186 recorded independently for each public place type. Odds ratios and 95% confidence intervals derived using logistic regressions were used to 202 determine associations of canine leptospirosis status with independent variables. There were a 203 total of 33 housing related variables and 37 population related variables at block group, census 204 tract, and county levels; 6 agricultural census variables at county level, and 10 variables 205 representing proximity to different public places. Variable screening among all variables was 206 done by fitting univariable logistic models and those variables with a P-value ≤ 0.1 were selected 207 for further analysis; however, care was taken not to remove variables that were deemed clinically 208 relevant (Hosmer and Lemeshow, 2000; Ward et al., 2004; Raghavan et al., 2011) . 209
Multicollinearity was tested among screened variables by estimating the variable inflation factor 210 (VIF) using the proc reg/tol vif option in SAS (SAS Institute Inc., Cary, NC). All variables with a 211 VIF value of 10 or above were considered to indicate multicollinearity (Allison, 1999) . 212
Multivariable logistic regression was conducted using screened variables in three separate 213 steps with variables from each census unit at a time along with variables from other groups 214 (agricultural census variables at county level and, location within 2500 m from public places). 215
Observations for all census variables were kept in their original measurement units and were 216 continuous. Observations for presence within 2500 m from public places were in categorical 217 format scored as '0' if absent and '1' if present. Interaction terms were not included in the 218 models. 219
Multivariable logistic models with events/trials operand were fit using the stepwise 220 selection procedure in which a significance level, P ≤ 0.05 was used for a variable to be retained 221 and P ≥ 0.1 to be removed from the model (SAS, 2011). Logistic models were ranked using 222
Akaike Information Criterion (AIC) and the model with the lowest AIC value was deemed to be 223 the best fitting model. Any confounding effect of host factors, age (< 1 y old as reference level), 224 sex (female as reference level), and breed (unknown or unspecified as reference level) was 225 estimated by adding them one at a time to the final logistic model, and a 10% or more change in 226 coefficient values of independent variables were considered to indicate confounding due to that 227 particular factor, in which case adjusted odds ratios and their 95% confidence intervals were 228 recorded. Linearity assumption for logit in final models was assessed using Box-Tidwell test 229 (Box and Tidwell, 1962 ). Model adequacy was tested using chi-squared goodness-of-fit test (P < 230 0.05 indicated poor fit), and predictive ability measured by deriving the Area under Receiver's 231 operator's characteristic (ROC) curve value. 232
Spatial autocorrelation if present in the case/control data could lead to the violation of 233 underlying logistic regression assumptions (that the samples are independent and identically 234 distributed) and will yield incorrect parameter estimates and error term. If the parameters in the 235 multivariable model did not account for autocorrelation then the residuals of the model will 236 reveal autocorrelation and need to be verified (Robinson, 2000) . A monte-carlo test based on the 237 empirical variogram of residuals and their spatial envelopes (generated by permutations of data 238 values across spatial locations) was used to check for spatial autocorrelation using the geoR 239 library of R Statistical Package 2.11.1 (Ribeiro and Diggle, 2001; Ribeiro et al., 2003) . 240 241 3. Results: 242
There were 94 dogs that were identified as cases based on a positive PCR (n = 90 dogs), 243 isolation of leptospires from the urine (n = 1), a single reciprocal titer ≥ 12,800 (n = 2), or a four-244 fold rise in serum reciprocal titers (n = 1). Of the dogs that were PCR positive, serology was not 245 performed in 22 dogs, 7 dogs had a negative acute titer with no convalescent titer performed, and 246 61 dogs had concurrent elevated titers to one or more serovar. There were 185 control dogs that 247 had a negative PCR and a reciprocal serum titer of < 400. 248
Among 94 cases and 185 controls evaluated in this study, a majority had their physical 249 addresses located in the city of Wichita [33.68%, 28.81% (case, control)] followed by Manhattan 250 (13.82%, 19.45%), Lincoln (10.52%, 8.96%), Omaha (9.47%, 5.24%), Kansas City (6.31%, 251 4.62%) and Topeka (6.31%, 5.94%). All remaining cases (19.89%) and controls (26.98%) had 252 rural addresses or they were from smaller cities in the study region. 253
Since there could be a bias in case reporting to hospitals from certain neighborhoods than 254 others due to income differences, it was essential to verify if cases/controls showed any tendency 255 to cluster in any of the major cities in the study region. However, no clustering was observed in 256 any of the cities (where income levels among neighborhoods could vary). The Cuzick-Edwards 257 estimates for case locations in Manhattan (P = 0.19), Wichita (P = 0.41), Topeka (P = 0.24), 258
Kansas City (P = 0.28), Lincoln (P = 0.31), and Omaha (P = 0.47) did not indicate any 259
clustering. Similarly, the Cuzick-Edwards estimates for control locations in Manhattan (P = 260 0.05), Wichita (P = 0.26), Topeka (P = 0.36), Kansas City (P = 0.19), Lincoln (P = 0.18), and 261
Omaha (P = 0.22) did not indicate any clustering as well. 262
There were differences in the number and types of significant housing and population 263 variables identified in logistic models fit with covariates from different census units (Tables 2-264 4). When block group level housing and population variables were analyzed along with 265 agricultural census and public places variables, the housing related variables significantly 266 associated with leptospirosis status in the logistic model were; the total number of structures built 267 during the years (1940) (1941) (1942) (1943) (1944) (1945) (1946) (1947) (1948) (1949) and the number of households lacking complete plumbing 268 facilities (houses lacking hot and cold piped water, a flush toilet, and a bathtub or shower). 269
Significant population related covariates associated with leptospirosis status in the logistic model 270 were poverty status in 1999 by age (18-64) (number of individuals in the age group 18-64 that 271 were below poverty line the year 1999). Presence within 2500 m from university/college 272 campuses and park/forest areas were significantly associated with leptospirosis status in dogs 273 (Table 2 ). 274
When census tract level housing and population variables were analyzed along with 275 agricultural census and public places variables, the only housing related covariate significantly 276 13 associated with leptospirosis status in the logistic model was the number of households lacking 277 complete plumbing facilities, and the only population related covariate significantly associated 278 with leptospirosis status in the logistic model was poverty status in 1999 by age . 279
Presence within 2500 m from university/college campuses and park/forest areas were 280 significantly associated with leptospirosis status in dogs (Table 3) . 281
Using county level housing and population variables along with agricultural census and 282 public places variables, the housing related covariates significantly associated with leptospirosis 283 status in the logistic model were the number of households lacking complete plumbing facilities 284 and the number of owner occupied homes. The only population related covariate significantly 285 associated with leptospirosis status in the logistic model was poverty status in 1999 by age (18-286 64) (Table 4) . Presence within 2500 m from university/college campuses was marginally 287 significant, and park/forest areas were significantly associated with leptospirosis status in dogs. 288
Two agricultural census variables (the density of cattle farms, and the number of beef 289 cattle per county) were significantly (P < 0.1) associated with leptospirosis status but were not 290 significant in the multivariable logistic model. For all models described above, no other 291 covariates were found to be significant and/or found to improve the model fit when added. The 292 chi-square deviance goodness of fit test did not indicate any model inadequacy, and non-linearity 293 in logit and residual autocorrelation was absent. Confounding effects of age, breed, and sex were 294 not noted for any models. 295 4. Discussion: 296
The lack of clustering of cases and controls in any of the major cities in the study region 297 indicate a lack of sample bias for low income vs. high income neighborhoods in the study 298 population. In addition, the issue of referral bias is usually encountered in case-control studies 299 14 with the diagnostic laboratories receiving relatively higher numbers of cases from immediate 300 neighboring areas due to proximity and familiarity with the facility. However, the referrals in this 301 study originated from all major cities and rural areas in the study region, and in addition, 25.6% 302 of the study population included dogs that were diagnosed by the primary care veterinarian 303 outside KSVDL. The number of days that the dogs lived in their owner's household was not 304 provided to us during case submissions. For the purposes of this study, it was assumed that the 305 dogs spent most of their lives in their owners' households except for those times spent outside 306 during recreation and/or supervised exercise. 307
Demographic and socio-economic data collected by the U.S. Census Bureau and other 308 agencies are highly relevant to public health and epidemiological research. However, such data 309 are most commonly aggregated at the level of administrative boundaries or census/areal units 310 (Fig. 1) . It has been well documented that the choice of areal unit could affect the strength and 311 significance of statistical associations and renders the results difficult to compare with other 312 studies. This is known as the Modifiable Areal Unit Problem (MAUP) (Openshaw, 1984; Unwin, 313 1996) . Currently there are no solutions to fully overcome the effects of MAUP and related 314 methodological issues have not yet been adequately addressed. Recommendations have been 315 made to minimize MAUP effects in statistical inference by analyzing the aggregated covariates 316 in hierarchical levels of areal units from the finest spatial resolution possible to a coarser 317 resolution and to verify consistent model results (Fotheringham, 1989; Ratcliffe and McCullagh, 318 1999; Diez Roux, 2000) . Three hierarchical levels of census units commonly used in 319 epidemiological studies were used in this study for identical housing and population covariates. 320 There were differences in the significant census variables in multivariable logistic models 321 at different areal levels (block group, census tract, and county) likely due to MAUP; however, 322 the number of households that lack plumbing facilities and the number of individuals in the 18-323 64 year age group that are below poverty line were consistent risk factors in all areal units. These 324 and other housing and population related variables associated with canine leptospirosis status at 325 independent areal units are indicative of lower pet-owner socio-economic conditions and lower 326 housing standards, which are likely related. The findings reported here are similar to some of the 327 risk factors reported in studies from Brazil (Oliveira et al., 2009; Barcellos et al., 2000; Veras et 328 al., 1985) where more canine and human leptospirosis cases were shown to originate from poorer 329 neighborhoods. As in this study, the vaccination status of dogs included in the studies originating 330 from Brazil are not clear but dogs could be at higher risk in such urban environments due to pet 331 owners failing to vaccinate their dogs and/or higher prevalence of leptospirosis in the 332 environment due to substandard housing and other neighborhood conditions. 333 Among all public lands within an area covering 5 km from 2000 census city boundaries, 334 proximity to colleges/university campuses and state parks/forests were significantly associated 335 with leptospirosis status (when analyzed along with county level census data, the significance 336 value of college/university campus was slightly over α = 0.05). Land use areas representing 337 parks/forests and college/universities are similar in that they provide ample open spaces for 338 canine recreation and are places where high dog-to-dog and wild mammal contact could occur. 339
However, parks/forests are relatively well drained areas compared to college/universities that 340 have built up areas such as parking-lots and pavements and there is potential for water run-off, 341 flooding and overflow from streams nearby. Therefore, the risk of public places such as 342 college/universities and similar environments may be due to flooding events. 343
An outbreak in human leptospirosis in a university campus was reported after flooding 344 and embankment overflow within the campus (Gaynor et al., 2007) , and one human case of 345 leptospirosis was diagnosed after a similar flood event on another university campus (Park et al., 346 2006) . Precipitation and flooding have been associated with increased leptospirosis incidence 347 (Kawaguchi et al., 2008; Ward et al., 2004; Liverpool et al., 2008 ) and flood-prone or frequently 348 flooded areas are risk factors for human and canine leptospirosis (Morshed et al., 1994; Karande 349 et al., 2002; Batista et al., 2005) . In addition, college/university campuses in the study region are 350 generally found in high density neighborhoods where housing is relatively older and the resident 351 population comprise higher number of students that likely change year to year and whose income 352 levels are typically low, factors which could play a role in higher transmission rates. Poverty status among people in 18-64 year age group, houses that lack plumbing 365 facilities, and proximity to public parks, college/universities, and newly urbanized areas are risk 366 factors for canine leptospirosis in Kansas and Nebraska, and likely other regions in the world as 367 well. Pet owners living under such neighborhood characteristics and treating veterinarians should 368 March 2000 , 1995 to 1998 , 1990 to 1994 , 545 1980 to 1989 , 1970 to 1979 , 1960 to 1969 , 1950 to 1949 , 546 1940 to 1949 , Built 1939 Table 3 . Results of multivariable logistic models (P < 0.05) with census tract level housing and 592
